Regulation of ecdysteroid signaling: cloning and characterization of ecdysone oxidase: a novel steroid oxidase from the cotton leafworm, Spodoptera littoralis.
One route of inactivation of ecdysteroids in insects involves ecdysone oxidase-catalyzed conversion into 3-dehydroecdysteroid followed by irreversible reduction by 3-dehydroecdysone 3alpha-reductase to 3-epiecdysone. We have purified from Spodoptera littoralis the first ecdysone oxidase and subjected it to limited amino acid sequencing. A reverse-transcriptase polymerase chain reaction-based approach has been used to clone the cDNA (2.8 kilobases) encoding this 65-kDa protein. Northern blotting showed that the mRNA transcript was expressed in midgut during the prepupal stage of the last larval instar at a time corresponding to an ecdysteroid titer peak. Conceptual translation of the ecdysone oxidase cDNA and data base searching revealed that the enzyme is an FAD flavoprotein that belongs to the glucose-methanol-choline oxidoreductase superfamily. Ecdysone oxidase represents the only oxidase in eukaryotic animals known to catalyze oxygen-dependent oxidation of steroids; by contrast, oxidation of steroids in vertebrates occurs via NAD(P)(+)-linked dehydrogenases. The injection of RH-5992, an ecdysteroid agonist, induced the transcription of ecdysone oxidase, suggesting that ecdysone oxidase is an ecdysteroid-responsive gene. The gene encoding this enzyme, consisting of five exons, has also been isolated. Sequences similar to the binding motifs for Broad-Complex and FTZ-F1 have been found in the 5'-flanking region. Southern blotting indicated that ecdysone oxidase is encoded by a single-copy gene. We have determined the kinetic characteristics of this novel recombinant ecdysone oxidase produced using a baculovirus expression system.